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PREFACE

Thus study was conducted as part of the Evaluation of Environmental Investments Research Program
(EEIRP). The EEIRP is sponsored by the Headquarters Aths. Corps ofEngineers (HQUSACE). Itis
jointly assigned to the U.S. Army Water Resources Support Center (WRSC) Institute for Water Resources (IWR)
and the U.SArmy Engineer WaterwayExperiment Station (WES) Environmental Laboratory (EL). Mr.
William J. Hansen of IWR is the Program hMeger, and Mr. H. Roger Hamilton is the WES Manager. Program
Monitors during this study were Mr. John W. Bellinger and Mr. Brad K. Fowler, HQUSACE. The field review
group members who provide complete program direction and the District or Division affiliations are as follows:
Mr. David Carney, New Orleans District; Mr. Larry M. Kilgo, Lower Mississippi Valley Division; Mr. Richard
Gorton, Omaha District; Mr. Bruce D. Carlson, St. Paul District; Mr. Glendon L. Coffee, Mobile District; Ms.
Susan E. Durden, Savannah District; Mr. Scott Miner, San Francisco District; Mr. Robert F. Scott, Fort Worth
District; Mr. Clifford J.Kidd, BaltimoreDistrict; Mr. Edwin J. Woodruff North Pacific Division; and Dr.
Michael Passmore, formerly of Walla Walla District armlv atWES. The work was conducted under the
Evaluation Framework Unit of the EEIRRIs. Joy Muncy of the Technical Analysis and Research Division
(TARD), IWR, and Mr. Jim Henderson of the Natural Resources Division (NRD), W&®the Principal
Investigators.

As indicated by the title, this is amterim edition of the overview manual. Subsequent revisions and
improvements to the manual will be mdmiesed on the completion of ongoing research within the EEIRP and
on the comments of users of this manual.

The work was performed by Planning and Manager@entsultants, Ltd. (PMCL) under Task Order
No. 23, Contract NODACW72-94-D-0003managed byis. Joy Muncy. Dr. Timothy D. Feather was the
Principal Investigator in collaboration with Dr. Keith Harrington.

The report was prepared under the general supervididfiRaof Mr. Michael R. Krouse, Chief, TARD;
and Mr. Kyle E. Shilling, Director, IWR. At EL thepert was supervised by Dr. Robert M. Engler, Chief, NRD;
Dr. John W. Keeley, Director, EL; and Dr. Robert W. Whalin, Director, WES.
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EVALUATION OF ENVIRONMENTAL INVESTMENTS INTERIM OVERVIEW REPORT

|. INTRODUCTION

For over a decade the U.8&rmy Corps of Engineers (Corps) hastively been involved in
environmental restoration projects. #ss new directiorfor the Corps has evolved, it heecome
increasingly clear that environmental restoration projects pose different planning challenges than traditional
water resources development projects. The Evaluation of Environmental Investments Research Program
(EEIRP) was initiated by the Corps to develop planning methodologies that respond to these challenges.
Specifically,the EEIRP is intended to address what have become known ‘asteh@nd "portfolio”
guestions:

(1) How can the Corps determine whether the recommended action from a range of
alternatives is the most desirable in terms of the environmental objectives?

(2) How should the Corps allocate limited resources amagy "most desirable”
environmental investment decisions?

The Corps planningrocess is based upon the U.S. Water Reso@acsascil'sEconomic and
Environmental Principles and Guidelines for Weaerd Related Land Resources Implementation Studies
(P&G), promulgated in 1983. TH&&G provides an evaluation framework that is equally applicable to
traditionalwater resources projects and environmental restoration projects. However, the differences
between these projects, such as restoration's predominance of nonmonetary benefits, require tailoring the
P&G planning process for environmental restoration. The Corps ongoing adaptationglahiiieg
process include(1) promulgating the various forms of guidance for environmental planning, (2)
documenting field experience with planning environmental projects (i.e., case studies), and (3) developing
the process and products provided by the EEIRRis report, prepared under the EEIERaluation
Framework work unit, is part of that effort.

PURPOSE

The purpose of this report is to support Corps planners by identifying EEIRP products that can be
used taapply theP&G planningprocess to environmental projects. Underlying the incorporation of the
EEIRP products in thB&G planning process is the need to (1) integrate the tools and techniques identified
and developed by the EEIRP and (2) ensure that they collectively address the site and portfolio questions.
(Note: Not all of the EEIRP products have been completed. This interim report highlights the finalized
productsand outlines those that are in progress. Once all of the products have been completed, this
report will be updated and finalized.)

I. INTRODUCTION 1
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SCOPE

Corps environmental planning encompasses traditional environmental activities, such as mitigation,
and new environmental missions, such as ecosystem restoralifmiess otherwise specified,
"environmental planning" refers to ecosystem restoration or mitigation activities. Although the motivations
for mitigation and restoration projects can be quite different, their planning processes are virtually identical.
Similarly, while the products of the EEIRP are focused on ecosystem restoration, they are also applicable
to other environmental contexts, such as cultural resources and hazardous, toxic, and radioactive wastes.

This document is intended to serve as a reference guide for Corps environmental planning. Itis
a procedures manual trgtnthesizes theanyproducts of the EEIRP and shows how they can support
environmental planning, which is conducted in accordance witR&® This report does not constitute
restoration guidance. It provides an overview of Corps environmglatatiingandidentifies EEIRP
products that support specific planning activities. Planners are encouraged to obtain copies of the EEIRP
products that pertain to their specific planning challenges. For this reason, an order form to obtain copies
of EEIRP products is included at the end of this report.

Since its inception iM993, the EEIRP has endeavored to capture the state of the art in
environmental planning. There are similar programs ongoing in other Federal agencies. There has been
considerable communication between these programs as the Federal government refines its environmental
decision-making tools. This cross-fertilization shares successes and setbacks and attempts to avoid
duplication of research on environmental evaluation.

REPORT CONTENTS

An overview of the institutional setting f@orps environmentgblanning ispresented in the
following chapter (ll). This overview introduces pertinent guidance, funding authoritiesy@ocal
planningpartner relationships among other important parameters. Chidjdentifies analyticatools
developed through the EEIRP that can be used to support restoration planning. It is organized using the
six steps of th®&G planning process. Chapter IV discusses how the planning challenges of restoration
projects are compounded at the portfolio level and identifies ways in which the EEIRP products can help
make difficult portfolio decisions. The last chapter (V) summarizes this report.

I. INTRODUCTION
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[l. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL
PLANNING

INTRODUCTION

This chapter overviews the current institutional setting within which Corps ecosystem planning is
conducted, as well abe process and products of the EEIRP. It is organi#edfour sections that
describe (1) th®&G planning process as it has been applied to traditional water resources development
projects, (2) the differences between environmental projects and traditional water resources projects, (3)
the ecosystem restoration guidance, EC 1105-2-210, and (4) the process and products of the EEIRP.

P&G PLANNING PROCESS: TRADITIONAL WATER RESOURCES
PROJECTS

The P&G is the centerpiece of Corgdanning guidance. It provides the philosophical and
procedural foundations for the development of detailed planning methodologies outlined in other guidance.
The six-step planning process of &G provides the structure for ecosystem restoration planning.

The six steps of the&G planning process are illustratedrigure 1. These steps follow a rational
sequence of activitigsom identification of problems and opportunities to selection igc@mmended
solution. Underlyinghe general flow of activitieBom thefirst step to the last are analytical iterations:
iterations within each step, as well as iterations of the gmoieess. The following discussions summarize
the planning process as applied to traditional water resources projects (e.g., flood control and navigation).
This will be followed by discussions of how restoration projects differ from traditional water resources
projects, and how these differences can be accommodated witli&@planning process with the help
of the products of the EEIRP.

II. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING 3
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Specify Problems and Opportunitiel

l

Inventory, Forecast, and AnalysisI

of Resource Conditions

l

Select Recommended Plan I

FIGURE 1
P&G PLANNING PROCESS

Specification of Problems and Opportunities

The first step of the planning process is to identify problems and opportunities. During this step,
the statement of problems and opportunities is developed. In addition, project scoping activities are
initiated in this step, including delineating the planning area, determining the period of analysis, and scoping
the project objectives and constraints. At this initial phase of the project, it is particularly important that
(1) project partners recognize their responsibilit{@3,stakeholders be identified, arf@) a public
involvement program be initiated.

II. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING
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Inventory, Forecast, and Analysis of Conditions

The second step of tipanningprocess is to anticipate the future conditions of the project area
through a defined period ahalysis. The emphasis of this effort is on forecasting the "without-project”
condition. These forecasting activities hamany challenges, includintpose of data collection and
management. The planniagalyses in thistep develop a comprehensive picture of the future site
conditions if no action is taken, focusing on theire conditions related to problems and opportunities
identified in the previous step.

Formulation of Alternative Plans

The third step of thelanningprocess converts remedial strategies into alternative plans. The
formulation of alternative plans is an iterative process that considers the location, dimensions, materials,
and timing of the alternatives. THR&RG specifies that structural and nonstructural plares to be
considered. In addition, mitigation plaase developed as part of the formulation of alternatives, if
necessary.

Evaluation of the Effects of Alternative Plans

In the fourth step, alternative plans are evaluated. This step includes assessment and appraisal of
alternative plans. There are assessment$)dhe differences between the with- and without-project
futures, (2) the effectiveness of meeting project objectives, and (3) project effects.

Other assessments consider the completeness, effectiveness, effamehagceptability of alternative
plans. These assessments are followed by appraisals sijtifecance ofproject effectsjncluding
institutional, political, social, technical, financial, economical, and environmental feasibility.

Comparison of Alternative Plans

In the fifth step of theplanningprocess, positive and negative effects of alternative plans are
compared. Fotraditional water resources projects, it ighis step that the plan that maximizes net
national economic development (NED) benefits is identified, leading to a single "optimal” solution for the
planning objectives.

II. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING 5
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Selection of a Recommended Plan

In the final step of the planning process, the recommended plan is selected. Among the alternatives
considered is the no-action plan. For traditional water resources projects, the NED account comprises the
most important decision criteria. As a result, a water resources development plan recommending Federal
action must be the NED plan, unless there is an overriding reason to select some other plan.

CHALLENGES OF ENVIRONMENTAL PROJECTS

Environmental projects have important differences from traditional water resources development
projects — differences that challenge the traditional planning process and that are critical determinants of
the process and products of the environmental planning effort. They can directly and indirectly influence
Corps effectiveness in addressing the environmental problem and &bcpsncy in planning and
implementing the project. While each project has unique features, the important differences in
environmental projects include the relative importance of (1) ecosystems, (2) benefits measured in many
metrics, (3) stakeholders.

Ecosystem Evaluation

In contrast with traditional water resources projects, environmental projects are oriented toward
ecosystems rather than national economic developntamt.exampleenvironmental projects are not
usually oriented toward some aspect of hursafety or welfare aare traditional water resources
development projects, which hageme aspect ofational economic development as their primary
purpose.

The objectiveand outputs of restoration projects are aiswe dependent on tleEosystem's
structure and function. The individuality of ecosystems challenges the application of standardized planning
procedures to restoration projects. Since they focus on ecosystem structures and functions, the value of
restoration activities cannot be direatheasured in monetary terms. However, at botlsiteeand the
portfolio scales, there is a need to evaluate the potential of a plan to meet the project objectives (i.e.,
effectiveness) with a limited allocation of resources (i.e., efficiency). These effectiveness and efficiency
considerations challenge traditional planning methodologies, which were intended to assess in monetary
terms the costs and benefits of alternative plans. In addition, determining the significance of a resource is
fundamental to defining the environmental problem and setting planning objectives. These activities can
be very difficult if an evaluation standard is absent.

II. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING
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Another distinction of environmental projects is derifemn the complexity of the project
ecosystem. In some cases, dlhdity to predict ecosystem responses to different inputs and conditions
associated with alternative restoratrmeasures ikess evolved than the engineering analysestypdy
traditional water resources development projects.

Benefits Measured in Many Metrics

The most important differences between restoration projects and traditional water resources
projects are that the benefits of restoration are often measured in many metrics, not simply dollars. While
the costs of ecosystem restoration can usually be estimated in dollar values with little difficulty, restoration
benefits can be much more challenging. Some restoration benefits, such as recreation, may be measurable
given adequate funding and time. However, the outputs of restored ecosystems are typically described in
ecological terms, such as habitat uni®hile there are accepted techniques, for exampleH#i®tat
Evaluation Procedure, to estimate ecosystem outputs, it can be difficult to monetize restoration benefits
by estimating human valuation of those outputs.

The nonmonetary benefits of restoration projects challenge planning methodologies that were
developed to assess and compare the costbeamrefits of alternative plans using tNED account.
Environmental decision making is often forceddly onsubjective, rather than objective, measures of
efficiency and effectiveness. In addition, there is no longer a single-decision criteria — the maximization
of net NED benefits — in the absence of a common metric for costs and benefitplafimag
implications of benefits measured in nonmonetary terms have stimulated active research programs in
environmental evaluation for several decades, including the EEIRP.

Stakeholders

A stakeholder is someone with something to lose or gain from a recommended course of action.
They may be government agencies, private organizations, economic or environmental interest groups, or
concerned citizens. While stakeholders can play important roles in planning water resources development
projects,they mayeven be more critical to the success of restoration planning. Some stakeholders have
extensive experience with restoration projects that can support Corps planning efforts. Others can share
their knowledge of the site or the specific ecosystem. In addition, the difficulty of monetary valuation of
restoration benefits raises the significance of stakeholders' valuation of restoration alterivekites.
stakeholders argpically not needed tadentify the NED plans of water resources projects, they can be
very helpful in describing the benefits of restoration alternatives.

II. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING 7
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ECOSYSTEM RESTORATION GUIDANCE

Corps ecosystem planning guidance directs planners toward specific tools and techniques for use
in environmental projects. As in the case of traditional water resopiar@sing, thes@rocedures are
often standardized to promote effective site planning for particular projects and consistent methodologies
across the Corps portfolio of environmental project$is guidance includes planning requirements,
recommendations, and options. The guidance is transmitted downward through the Corps hierarchy
through a diverse series of mechanisms consisting of including: engineering regulations, engineering
circulars (ECs), engineering technical letters, engineering pamphlets, vpoigrysguidance letters
(PGLs), policy memos, and training programs.

Corps environmental guidance includes a mixture of established information from traditional
environmental activities arfdeshly minted regulations and tools for new ecosyspdgnning activities.
For example, the Corps has a long history with the mitigation of adverse environmental effects of its Civil
Works projects. As a result, the guidance for these actiatewell developed angvell known. In
contrast, the ecosystem restoration mission of the Corplateelynew mission, and the associated
guidance is still under development.

The current ecosystem restoration guidanéessystem Restoration in the Civil Works Program
(EC 1105-2-210). The purpose of this June 1995 eagimg circular is to ensure that restoration projects
(1) produce the intended beneficial effects, (2) are cost effective, and (3) are consistent with administration

policy.

EC 1105-2-21Clarifies previous guidance on ecosystem restoration. This EC not&awihat
Works budget guidance assignading priority to restoration projects (see EC 11-2-163). As in the case
of previous restoration guidance, EX105-2-210emphasizes projects that restore environmental
degradation to which a Corps project contributed or situations where modification of a Corps project can
accomplish the restation most cost effectively. Emphasis is placed on engineering measures to achieve
the restoration objectives. In addition, hydrologic control rather than land acquisition is emphasized. EC
1105-2-210specificallyreasserts previous requirements (PGL No. 24) that the last increment of benefit
exceed in value the last increment of cé8thile this specification may be difficult to accomplish in many
cases, it does identify incremental analysis as an important planning tool.

Ecosystem restoration projects are formulated in the same manner as traditional water resources
development projects. ET105-2-210states that "Ecosystem restoration studies differ from traditional
projects only in that not all benefits are monetized."

The P&G mandates selection of the NED plan except when there are other overriding
considerationsuch as Federal, state, tribal, local, and international concern$1@:2-210releases
restoration projects from this mandate. It stipulates there is no need to exhibit net NED benefits, but costs
should be registered in the NED account. The anticipated value of the outputs of an ecosystem restoration
is the principal measure of the plan’s worthiness. Since bendfitse expressed in monetary and

II. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING
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nonmonetary units, a benefit-cost ratio is not expected. Other than these responses to the challenges of
environmental projects, environmental planning should follow the planning process outlineB&tthe

EEIRP: THE SEARCH FOR ENVIRONMENTAL PLANNING TOOLS

The ecosystem planning guidance, EC 1105-2-210, describes the Corps restoration philosophy and
policy. For some planning activities, such as cost effectiveness analysis, there is clear direction for applying
specific tools or techniques. For otlativities, such as the incorporation of risk and uncertainty into
restoration planning, the direction is less clear. This absence is both an opportunity and a hazard. On one
hand, the lack of recommended methodologies is an opportunity in that it gives Corps planners flexibility
in developing and conducting environmental studies. On the other hand, the absence may leave planners
without guidance for those activities, andnsistency between projeatsuld suffer. Furthermore,
interpretation of this guidance among planners and reviewers may differ. The EEIRP was initiated to help
environmental planners operationalize the ecosystem restoration guidance.

Technical Work Units

The nine technical work units of the EEIRRre designed téacilitate ecosystem restoration
planning by providing planners with analyti¢abls and techniques. Figure 2 illustrates how the nine
EEIRP work units were affiliated with the six steps of the planning process when the EEIRP was initially
formulated. In the realities of project planning, the edges between the six steps blur with iterative loops
through the process. Similarly, the boundaries of the work units are much less defined than depicted in this
figure.

The objectives and activities of each work unit are characterized belmwvork unit descriptions
are intended to present the structure and goals of the research in order to (1) connect the research process
and products to the philosophical gualicy base of the guidance and (2) begin to trace how the tools and
techniques developed through the program fit into the six steps of the planning process.

Determining and Describing Environmental Significance
The significance work unit has been developing methods to determine and describe institutional,

technical, and public significance. Various ranking and weighting scales for determining, prioritizing, and
describing levels of significance are being evaluated in this work unit.

II. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING 9
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Degradation of environmental resouraceay bemore difficult for the public and decisionmakers to
recognize than traditional water resources problems. Tasyork unit is developing guidelines for
communicating significance #te local (project), regional, and natiotevels, which willinclude an
assessment of the scarcity of the resources.

Determining Objectives and Measuring Outputs

The objectives and outputs work unit has been designed to provide guidance on how to establish
clear, realistic objectives for environmental restoration projects and develop improved techniques for
clearly measuring outputs that are appropriate for those objectives. As part of these efforts, this work unit
is investigating the roles ecosystem models can play in the planning process. The intention is to broaden
the scope of restoratigaianningfrom univariate concerns, such as the focus on individual species, to a
more holistic ecosystem perspective. There are additional considerations that this work unit is addressing,
including spatial and temporal scales of analyses, adaptive management, and the challenges that arise when
the ecosystem extends beyond the restoration site boundaries.

Objective Evaluation of Cultural Resources

The cultural resources work unit is conducting a review of the literature and practice of cultural
resource evaluation. A pilgirocedure foremploying a quantitative/statisticapproach to cultural
resource evaluation is under developmerttis will be field-tested withdata from a region of northern
New Mexico using a combination of research and information management tools.

Engineering Environmental Investments

The engineeringvork unit is identifying appropriate techniques fangineering restoration
projects. This includes development of methods to assess the effectiveness of alternative approaches in
producingthe intended effects, formulating and estimating costs of project features, and monitoring.
Underlying the ultimate formulation of engineering procedures for restoration projects is the intention to
focus on standardized procedures, not solutions. Techniques are basegrortifies of ecosystem
management and the unique requirements of each project.

II. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING 11
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Cost Effectiveness Analysis Techniques

The cost effectiveness work unit is developiagalytical techniquesor performing cost
effectiveness and incremental cost analyses. Recognizing the limitations of traditional benefit-cost analysis
for environmental planning, cost effectiveness and incremental cost analyses are valuable decision-making
tools for environmental investments. Cost effectiveness ensures that the least-cost solution is identified for
eachpossible level of environmentaltputs. Subsequent incremental @slysisreveals changes in
costs for increasinggvels ofoutputs. Neither cogffectiveness nor incremental ca@stalyses will
guarantee the identification of an optimal solution. However, they provide information that decisionmakers
may use to facilitate and support the selection of a single solution.

Monetary and Other Valuation Techniques

The monetary and other valuation techniques work unit is researching methods to identify use and
nonuse values associated with outputs from environmental projects. This includes clarifying the linkages
between environmental outputs and human serviceassessing how stakeholders perceive and value
environmental restoration projects. In addition, techniques for monetary valuation are being researched.
This work unit'schallenge is to provide decisionmakers with value-inclusive informatiaut project
benefits to assist them in determining the relative worth of alternative plans or projects.

Incorporating Risk and Uncertainty into Environmental Evaluation

This work unit is focusing on identifyingeneric and specific sourcesridk and uncertainty in
environmental restoration planning. For example, how well will the restoration project perform? Is there
any uncertainty about the accuracy of the datheemodels used to predict project outputs? What are the
risks of the project not succeed? Once identified, potential tools and methods are presented to address
these risk and uncertainty issueéspproaches for incorporatingsk and uncertainty considerations into
environmental evaluations will be demonstrated through a representative case study.

Environmental Databases and Information Management

The environmental databases and information management work unit is developing and
implementing concepts for improving communication and dissemination of informati@orjos
environmental planners. This includes two main thrusts. In the first, a prototype decision support system
(Integrated Bio-Economic Planning System - IBEPS) is being developed which links environmental output
models and incremental coshalysistogether with spatiatiata input anchandling capability via a
geographic information system (GIS). This will be a working product directly usable by planners, and it
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will demonstrate the utility of computer-aided decision support systems. In the second, EEIRP products
will be summarized and madecessible through a World Wide Web sitéhis will enable those with
interests in the environmental restoration process to quickly access information specifically relevant to their
project.

Evaluation Framework

This Interim Report focuses on integrating the products of the other EEIRP work units into the six-
step planning process of tR&G. As part of this effort, this work unit conducted a series of case studies
of Corps and non-Corps restoration projects. These case studies were supplemented by research efforts
to identifytrade-off processes to balance competing interests and examine group procelgsetho
perspectives of project stakeholders. ™k unit is currently considering alternative formats and
techniques for presenting EEIRP products on the Internet, creating a “virtual” document.

Alignment of EEIRP Products with the Six Planning Steps

The EEIRP is generating a wide arraypobducts. Some of these products are primarily
background materials, including literature reviews, workshop proceedings, and case studies. The EEIRP
has been using this background research, conducted in the early phases of the program, as a foundation for
ongoing development of specific tools and procedures for restoration planning.

The products of each EEIRP work unit are presented in Table 1. Since some of the report titles
are cumbersome, abbreviated titles for the products are included in this table and will be used throughout
the remainder of this text. Annotations of the products of the EEIRP are found in Appendix A. The work
units were a vehicle toonduct supporting research and develop practical tools and techniques for
environmental plannerskErom this pointonward inthis report, the products of the wotkits will be
generalized to be products of the EEIRP.

Table 1 also illustrates the alignments of the EEfR®Uuctswith the sixsteps of thdP&G
planning process. Connections could be drawn between any of the products and each of the six steps of
the P&G. However, the alignments showntims tablerepresent direct associations of products with
planning steps. Some of the EEIRP products are completed; others are ongoing or planned.

II. INSTITUTIONAL SETTING FOR CORPS ENVIRONMENTAL PLANNING 13
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As shown in Table 1, the EEIRP has a balanced coverage sikthianningsteps. In general,
significance products are critical in the early steps; ecosystem models and environmental engineering are
most important in the middle steps; and cost effectiveness and incremengalatgses are the highest
priorities in the final steps. There are other products that are applicable virtually throughout the planning
process. Some of thesell become resonant themestims report, including issues of stakeholder
participation in the planning process, the different types of trade-off analyses, and the various sources of
risk and ways to address them. Others among this group, such as the anticipated World Wide Web home
page, can be noted as applying to all six steps without extensive discussion.

14
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1. EEIRP SUPPORT FOR RESTORATION PLANNING

In this chapter, the EEIRP's support for Corps environmental planning is explored. The discussions
follow the six steps of the&G as applied to environmental projects. As illustrated in Figure 3, each step
is described using three elementCairps restoratioplanning:(1) the conceptual foundation provided
by theP&G and associated restoration planning challenges, (2) the direction provided by Corps ecosystem
restoration guidance, (3) the planning support provided bptiie and techniques of the EEIRP products.

STEP 1: SPECIFY PROBLEMS AND OPPORTUNITIES

The first of sixsteps in thé°’&G planningprocess iSpecifyProblems and Opportunities. The
outputs of thesenitial activitiesprovide a critical foundation for subsequetdgnningsteps. Foremost
among these outputs are the problem/opportunity statement. tldastatement haseen prepared,
scoping activities can commence. These will develop planning objectives which address the problem and
recognize planning constraints. In addition, scoping activities detelfhjregnificant issues to be
addressed, (Zhe geographic extent of the planniagga, (3)alternative problems and opportunities
realized due to the planned activity, (4) streamlined approaches to the current study based on examination
of previous studies, (5) the tentative planning and decision- making schedule, and (6) identification of local
project partners and other stakeholders.

For environmental projects, one of the important tasks in this initial planning step is to determine
the significance of the site’esources.This determination is critical tboth identifying problems and
opporunities and to scoping thelanning process. Determining the relativ@gnificance of an
environmental resource can bery challenginglue tothe complexity of ecosystems and the lack of a
standard (monetary) metric for their evaluation.

Initiation of Restoration Planning Studies

Corps ecosystem restoration projects begin when there is congressional study authorization. This
may be provided under existing authorities, or it may require new congressional action. The initiation of
Corps involvement isisuallypreceded by extensive coordination between the Corps and local interests.
This coordination usually commences when local interests identify an environmental problem beyond the
scope of their authority or resource3hey thenapproach the Corps requesting assistance. Corps
restoration studies can commence when the partnership between the Corps and the local sponsor has been
formalized, the congressional study authorization has been obtained, and planning funds are appropriated.

lll. EEIRP SUPPORT FOR RESTORATION PLANNING 23
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FIGURE 3
ELEMENTS OF CORPS ENVIRONMENTAL PLANNING

Corps ecosystem restoratiaativities concentrate on engineering solutions to water and related
land resources problems. The Corps principal focus in ecosystem restoration is on those ecological
resources and processes thatdarectly associated with, or directtlependent upon, theydrological
regime of the ecosystem and watershed(s). There may be instances where ecosystem restoration problems
and opportunities would be better addressed by other agencies. Those restoration opportunities that
involve modification of hydrology or substrate are likely to be most appropriate for Corps initiatives. Such
activities are most likely to address ecosystems associated with wetland, riparian, and aquatic systems.
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EEIRP Planning Support: Specification of Problems and Opportunities

The principal outcomes of tHgpecify Problems and Opportunitigganningstep aregplanning
objectives and constraints. EEIRP support of the development of these products is described below.

Problem/Opportunity Statement

For environmental projects, the problems and opportunities stateppasdlly identifies the
degradation of significant environmentasources or opportunities for protection or restoration of
resources that exist currentiyt may be losthrough some other action. As outlined in the restoration
guidance, EC 1105-2-21the statement shoukkplicitly describe Federal interest in the restoration of
those resources. The problem/opportunity statement should be precise, buightlydocused that
reasonable alternatives are prematurely eliminated. It should be accompanied by the planning objectives,
which are designed to address the restoration goals.pl&hring objectives relatgpecifically to (1)
significant resources, (2) anticipated changes resulting from the restoration project, (3) the target location
within the studyarea, and (4fhe time frame appropriate to accomplish the objective. The definition of
environmental planning objectives should be as specific as pos$ig.should include, for example,
target species, biological communities, or abiotic functions tes®@red asvell as the site or habitat
characteristics to be improved. The spatial and temporal scale of the proposed restoration and performance
indicators for the restoration effort should also be addressed in the definition of planning objectives.

Many EEIRP products support the development of the problem/opportunity statement and the
planning scope. Those with the most direct support of problem identification include the results of applied
research directed toward (1) identifying project stakeholders and including their perceptions and values in
the planning process and (2) assessing the risk and uncertainty in problem identification.

Stakeholder Participation . A series of Corps restoration projects were analyzed and compared
in theCase Studieseport. This report provided a comprehensive examination of ten restoration projects.
Among the findings of this report were the gains in planning efficiency and effectiveness achieved by (1)
immediately identifying the project stakeholders, (2) involving them early in the planning process, and (3)
encouraging their participation throughout the process. Stakeholder participation in this first planning step
is critical for the Corps to foster working relationships with these interest groups. The active inclusion of
project stakeholders should be considered by Corps planners as an opportunity to take advantage of local
knowledge about theite and develogupport for action to address thavironmental problems and
opportunities. Th&takeholderseport can help to identify project stakeholders.

lll. EEIRP SUPPORT FOR RESTORATION PLANNING 25
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As identified in theCase Studieseport, stakeholders for environmental projects typically include
other Federal agencies, state natural resource agencies, nonprofit organizations, and the general public.
The mix of stakeholders and their respective roles irpllweningprocess can be quite variable. For
example, active stakeholders in the Homme Lake Habitat Improvement Project, a Section 1135 restoration
project, were limited to the North Dakota Department of Game and Fish, the U.S. Fish and Wildlife Service
(USFWS), and Ducks Unlimited. In contrast, Mayfield Creek Restoration Project had a much more
extensive list of active project stakeholders, including:

*Kentucky Department of Fish and Wildlife
*USFWS

*Kentucky Division of Water Resources
+U.S. Environmental Protection Agency
sKentucky Historic Preservation Officer
*Ducks Unlimited

A land developer

A timber company

*A real estate development company
*Private landowners

Stakeholders may be involved wihy ofthe six planningteps. However, the participation of
different stakeholders may be more appropriate in some planning activities than in others. The participation
of a broad range of stakeholders may be desirable in this first planning step, since their awareness of local
conditions or concern for specific project features can greatly inform the Corps
planning process.

The input of stakeholders to the planning process will largely depend on their perceptions of the
values of the site with and without restoration. Wags in whichstakeholder values are formed and
expressed are explored in th@keholderseport. Environmental planners must recognize that although
the project stakeholdemay unanimouslgupport restoratiorthey may have very different perceptions
of project planning, design, tools to be used, and schedule for budget allocation and project completion.

As the Trade-Off Analysiseportillustrates, smalgroup processes can kery useful in (1)
eliciting the values of stakeholders &) generating informatiombout thesite and the problems and
opportunities. Very few water resources or environmental decisions are currently made by one individual
or organization. There are simply too many parties and interests involved with these resources. The Corps
recognizes this reality and endeavors to improve its cooperation with local project partners and to solicit
the general public’s input to the plannipgpcess. Foenvironmental projects, an even gred®el of
coordination with stakeholders may be required for effective and efficient project planning.

The Trade-Off Analysiseport also explores theays in whichthe informational, analytical, or
decision-making needs of projgaanning can beupported bysmall group processes. lihis report,
alternativegroup processes are profiled, atheir appropriateness for differeptanning contexts is
characterized. In this report, small group techniques are organized into two primary categories: (1) those
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that generate (or clarify) ideas and (2) those that evaluate alternatives. To help develop the statement of
problems and opportunities and establish a collaborative planning process, the initial meeting of the project
stakeholders should focus on idea generation and be designed accordingly.

The selection of a process that is appropriate for particular circumstances must consider all of the
variables surrounding the planning effort. Althowggbup process techniques appesdatively simple,
their successful application to different groups and subjects can require very high levels of expertise. The
Group Procesgeportidentifies alternative smaljroup techniques aniists criteriafor selecting an
appropriate technique. This report provides descriptions of the process and products of each technique.

Uncertainty in Developing the Problem/Opportunity Statement . There is uncertainty
surrounding virtually allaspects of theplanning process. However, the development of the
problem/opportunity statement is an especially critical task, and the uncertainty surrounding it is therefore
of particular concern. The purpose of thlanningprocess is to develop and evaluate restoration
alternatives for specific site resources. However, therg be significant uncertainty about the identity
or nature of the problem. In addition, tlireks between the problem, resource degradation, and the
planning objectives may not be well supported. As a result, there could be substantial uncertainty between
the restoration action and ecosystem reaction. The potential uncertainty can be limited by a carefully
developed problem statement that includes cause-and-effect linkages as well as scientific support for those
linkages. Another common source of uncertainty at this step is that problem statements may be either too
vague or too specific (i.e., SO vague that measuring the projects success is problematic, or so specific that
solutions are preordained as an objective).

The process of developing a clearly defined and specified problem/opportunity statement has been
one of the focuses of the EEIRP. Ihtroduction to Risk and Uncertaintgources of uncertainty
surrounding the problemdentification step, awell asapproaches to address them, are discussed in a
general sense. In the forthcomiigpcedures Manual: Risk and Uncertaintige details of more specific
techniqueswill be further developed. Both of these reports build uponRisk and Uncertainty
Bibliography, prepared during an early phases of the EEIRP.

Planning Scope

The planningscope includes issues to be addressed, the definition of the study area, and project
milestones. For ecological, cultural, aesthetic resources to be included in ppgauiing, theP&G
stipulates that they must be "significant.” For restoration projects, determination of the significance of the
site’s resources is critical arghallenging. Resourcesignificance may bessessed on the basis of
institutional, public, or technical significance. In this first step of the planning process, the outputs of the
assessment of resoursignificanceare oriented towarahstitutional significance. This information is
immediately available and does not need to be developed through ecosystem analysis or public involvement
activities, as is the case for technical and pudifioificance, respectively. Alternatigograms and
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models to assess significance are described below. These would be supplemented by the results of group
processes used to elicit stakeholder values.

Resource Significance . TheP&G requires evaluation of a project's effects (beneficial or
adverse) on the ecological, cultural, and aesthetic attributes of significant natural and cultural resources.
The recognition and documentation of the significant resources in a project study will ultimately be what
definesFederal interest in a project. TR&G stipulates that significant environmental quality (EQ)
resources and attributes that are institutionally, publicly, or technically recognized as important be taken
into account in decision making. Focusing significant issues is alscequired by Council on
Environmental Quality regulations, and makes practical sense; narrowing a large list of resources to only
those that are significant allovigr a moreefficientand meaningful studyWhile theP&G elaborates
further on what comprises institutional, technical, or public significance, there is a need for further guidance
and procedures to operationalize these factors into the planning process. Procedures are required that will
assist in the identification and display of determinations of significance.

A survey of significance programs and models was assembg&gnificance: New Perspectives
This report was designed &ssist planners imentifying the type of informatiomeeded to determine
resource significance. It was also designekigblight the importance of resoursgnificance in the
planner's eye. Ninety-five Federal, regional, state, and nonpublic organizational programs were identified
which address the issue of resousagnificanceand prioritization. Thessignificanceprograms are
organized by parameters such as geographic scale, political scale, ecosystem type, and program type. The
scale parameters include international, national, regional, state, and local areas. The etyp®stem
encompass wetlands, rivers, riparian areas, lakes, estuaries, watdisheas] wildlife habitat, and
threatened and endangered (T&E) species.

Significance Protocols . The forthcomingSignificance: Resource Documenill provide
additional background information aignificanceand will constitute areasyreference to laws and
regulations pertaining to institutional, technical, and pubfaificance. It is designed to be a guide for
determining significance and communicating that information to decisionmakers. In addition, significance
protocols arebeing developed to help planners and local partidenstify those resources that are
significant institutionally, technically, and/or publicly at the national, regional, state, and local levels. The
significance protocols are being designed as a user-friendly guide for identifying and prioritizing significant
resources. The protocols will be field-tested prior to frslication in theSignificance: Protocolseport.

Cultural Resource Significance . Although restoration planninghay focus on natural
resources, cultural resources are also an impogkmning parameter. Cultural resources have
conventionally been thought of in terms of Section 106 (National Historic Preservation Act) compliance
rather than the comprehensive management and stewardship requirements of Section 110. The concept
of significance has been continually redefined and expanded beyond contemporary archeological research
to consideration obroader public andocial values as explained in the Briuer and Matpaper in
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Cultural Resource SignificancétewDirections. In considering significance of cultunasources in a

broader context, the literature provides a number of coneesgfl in developing information on
significance. IrCultural Resource Significance: Trends and Pattethis literature is synthesized in an
interpretive analysis of the following significance concepts:

+Definitional/evaluation criteria

*Representativeness and redundancy

+Cultural resource management research designs
*Proactive management strategies

*Public involvement

*Use and development of new analytical approaches
*Field procedures

sFederal legislation

Results of This Step

The problem identification activitiepursued inthis initial planning step generate the
problem/opportunity statement, planning objectives, and planning scope. These outputs of this planning
step will serve as important foundations for the seqaladning step, Inventory and Forecast of
Conditions.

STEP 2: INVENTORY AND FORECAST OF CONDITIONS

The second step of the six-stglpnningprocess is tinventorycurrent resources and forecast
future conditions at the site without implementing a project. These activities develop a baseline of current
conditions and then forecast the without-project conditions through the perioahalisis. For
environmental projects, it isspeciallyimportant to discuss th&ignificantresources in the with- and
without-project conditions.

In this secondplanning step, restoratiorplanning typicallyfocuses on (1)jdentifying key
determinants of the ecosystem structure and functionN@naldapting or developing a model of the
ecosystem. The model development is contingent upon the problems/opportunities specified in the first
planning step. Once the ecosystem model is developed, it can be applied to forecast the without-project
future condition.
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Development of the Without-Restoration Future

The restoration guidance EC 1105-2-210 describes the inventory of conditions for environmental
projects. This inventory determines the quadityd quantity ofresourcessignificantand otherwise,
delineated during scoping activities addntifies opportunitie$or ecosystem restoration. It should be
limited to thoseresources that akey tothe structure or function of the ecosystem. The outputs of the
activities for anticipating the without-projeftiture include(1) anunderstanding of the structure and
function of the ecosyster(?) a conceptual model féhat ecosystem, ar@) aquantitative ecological
model of the ecosystem structure and function. The without-project condition can then be developed using
the model with the quantity, quality, and mix of ecosystem inputs that are expected if no action is taken.

EEIRP Support: Inventory and Forecast of Conditions

The development of the without-project future and the ways in which this is supported by products
of the EEIRP are described below. As part of the development of the without-project condition, there are
also (1) important risk and uncertainty issues and (2) opportunities to include project stakeholders in this
planningstep, perhaps in the identification or collectiordata. These issues and opportuniwgsbe
discussed as well.

Ecosystem Structure and Function

Developing the without-project future for a site requires understanding the structure and function
of the ecosystem. The approprid¢eel of detailwill depend on thelanning circumstances, the
complexity of the ecosystem, and the restoration objectives. Profiles of different ecosystems and habitats
are compiled irRestoration ParametersThisreport provides a description of ecological concepts that
should be considered for restoration projects. Habitat profiles for aquatic, coastal, estuarine, wetland,
riverine, and lacustrine ecosystems are presented using the following parameters:

*Physical condition
sConceptual models
*Geographic distribution
eZonation within habitats
*Biological community
*Key ecological processes

The forthcomingEngineering Procedures Manualill also be helpful in addressing both
ecosystem structure and function. In particular, this report withtur(tl) a general process for ecosystem
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evaluation, (2) discussions of the relations between structure and function, and (3) specific techniques to
determine structure and function of a given ecosystem.

In the first planningstep, Specify Problems and Objectives, the outputs of the assessment of
resource significancerere oriented towarthstitutional significance. In thisecondplanningstep, the
technical and publisignificance is givemmore prominence in the assessment of resaigreficance.
Technical significance is addressed via the ecosystem profile. Public significance is included in the habitat
description, particularly the suitabilifpr a species of public concern or interest. The EEIRP reports
Significance:New PerspectivesSignificance: Resource DocumgandSignificance: Protocolsire all
relevant here.

Conceptual Ecosystem Model

As the structure and function of the site ecosystem is investigated, a conceptual model of the
ecosystem can be developed. As indicaté&Estoration Analysjsonceptual ecosystem models typically
illustrate relationships between target species, restoration performance indicatdsy andlogical
parameters. Conceptual ecosystem models generally include:

+Key abiotic processes or habitat characteristics
+Food web structure and key resource species
sFoundation, keystone, and engineer species
*Optimal physical characteristics of restoration
sSuccessional sequences after disturbance
sSpatial and temporal homogeneity

sNatural disturbance regime

sLandscape influences

Quantitative Ecosystem Model

Once the conceptual model of the ecosystem has been developed, the conceptual relationships can
be quantified to the extent possible in order to (1) simulate the dynamics of chemical, material, and energy
flows in the ecosystem and (2) estimate how inputs to the system, such as a certain quantity or quality of
water, translate into the ecosystentputs of concern (e.g., acres of habitat fgiven T&E species).
Quantitativedoes noimply comprehensive. For someeosystems anglanning objectives, a relatively
simple model can effectively represent the structure and function of the ecosystem.

In Restoration Analysjanorethan750 annotated and indexed citations relevant to ecological
modeling are provided. The ecological models reviewed are differentiated by their treatment of ecosystem
functions and geographic scales. Among the different types of models reviewed are habitat models, species
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population modelsgnergy or material flowmodels, and models based upomividual species. Most
models currently in use for planning purposes are habitat models.

The technical appropriateness amgilability of planningresources guide the selection of an
ecological model. Among the technical criteria are (1) the objectives for which the model is intended to
support,(2) those site resources that are significant, and (3) the emphasis on variables that are subject to
management manipulation. These technical criteria reinforce the importance of a clear direction for the
planning effort that comes from thdirst planning step. InRestoration Analysjsthe technical
appropriateness of alternative models is assessed for different planning contexts.

Data collection and management are critical activities in the development of the without-project
future. The data needs of the ecosystem model are paramount. The ecosystem model cannot be used
effectively if the required data are unavailable, inaccurateaansistent. IrRestoration Analysjghe
variables that Corps restoration projects might affect are identified. The role of models in planning should
not be emphasized to the exclusion of other sources of infornadimutalternative future conditions.
Information that is nonquantitative or not required by the model can still be relevant to the without-project
condition and, ultimately, decision making.

Without-Project Conditions

The reportRestoration Parameteralso describes the process to develop the without-project
conditions. Since ecosystem models cannot include all possible factors that determine ecosystem structure
and function, the most important parameters must be identified. This can occur through specific research
into the ecosystem structure and function or via the process of ecosystem modeling. There may be a single,
readily identifiablekey parameter such as a particutgdrologic regime or levels of a specific nutrient.

The key parameters could also be a very subtle combination of ecological factors. After the quantitative
ecological model has been developed, the critical parameters can be forecasted and input to the model to
assess ecological conditions in the absence of restoration action. This assessment is combined with
information that is nonquantitative or outside of the model to forecast the without-project future.

TheLinkagesreport can be used to develop a baseline of human services/goods that the site would
provide without restoration action. The without-project ecosystem outputs can be inputrikates
tables to forecast human services/goods through the plapermayl. Software versions of the linkages
tables are currently being prepared. These will allow easier use of the linkage material, as well as provide
automated report generation.
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Uncertainty in Forecasting: Without-Project Conditions

The forecasng of the without-project future is a fundamental exercise in uncertainty. However,
uncertainty can be unnecessarily exacerbatezhvgpecific forecasts are made without acknowledging the
inherent uncertainty. Another problem can be created when data collection efforts focus on the quantity,
not the relevance, of information. Conversely, there can also be problems associated ltikh
information. This might be reflected in excessive reliance on professional judgements or extrapolations
from existing information. In general, the accuracy of subjective data and professional judgements can be
improved by assigning an interval estimedéher than a point estimate to future conditions (e.g., an
uncertain quantity is described as betweeo values rather than stated as a point val@nsitivity
analysis can also be used to calibrate extrapolations, for example, either by varying outcomes — by plus
or minus some percentage — to identify ranges of future without-project conditions or by systematically
varying critical variables.

In Introduction to Risk and Uncertaintihe issues surrounding uncertainties in baseline and future
without-project conditions are described, and alternative methods of addressing these uncertainties are
identified. The forthcomind’rocedures Manual: Ris&nd Uncertaintypresents different risk-based
methods of forecasting future without-project conditions in greater detail.

Coordination with Stakeholders: Information Sources

Project stakeholders can support fientoryand Forecast of Conditions activitieEhey may
be very aware of the ecosystem structure and function. Stakeholders can also help identify sources of data
that can serve as inputs to the ecosystem model or otherwise support the planning process. Critical sources
of information for this step may be state natural resource agencies.

A separate groupneeting might not be required fémis planningstep. Instead, a problem
identification meeting in the first step, if properly designed and executed, could provide feedback regarding
ecosystem structure and function and identify sources of ecological data.

Significant Cultural Resources

The forecasng of future conditions of significant cultural resources is dependent on availability
of data and resources to analyze and project future condi@aitaral Resource Significance: Regional
Modelsdemonstrates the use of GIS and development of a regional model to anticipate future impacts on
these resources. Although the ability to expend this level of effort is not always possible or appropriate,
GIS is becoming increasingly accessible pravides the capability to evaluate large regions and complex
inventories of sites.
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Results of This Step

There are four principal outputs thiis secondplanningstep. The first threeutputs are (1) an
understanding of the ecosystem structure and fundi@)ra conceptual model d¢fie ecosystem that
identifies keyresources and processes, (8uantitative ecological model. The model when combined
with forecasts okey ecological parameters generates the fooutiput, the without-projeaonditions.

As discussed with the following step, Formulation of Plans, alternative plans can also be formulated using
information from the ecosystem model.

STEP 3: FORMULATION OF PLANS

The third step of the six-stép&G planningprocess is Formulation of Plans. this step, the
planningobjectives and resource conditions developed in the two previous steps are used to convert
remedial strategies into alternative plans. It is an iterative processdéimiifies structuraland/or
nonstructural measures that (alone or in combination) can accompliphatimng objectives. The
formulation process seeks to develop alternative plans that are complete, efititient, and
acceptable. The alternatives are often differentiated by location, scale, materials, and timing.

Although environmental projects are ecosystem-based, the plan formulation process can involve
considerable engineeriranalysisand design. The plameay entail modification othe operation or
structure of existingCorps projects or the construction of neawilities. Alternative plans should be
formulated to respond to the objectives. These plans must be sufficiently developed to allow an informed
review of their effects in the next planning step.

Coordination with project stakeholders is a critiaalivity in thisstep. The stakeholders can
provide important insight into the design of alternative plans. They may have ideas, information, data, or
technical expertise that must be considered in the plan formulation process. For some restoration projects,
local stakeholders may have already considered and developed alternative plans. In addition, stakeholder
acceptance of thelanning process andultimately, therecommended plan isritical to efficient
implementation of the project.

Restoration Plan Formulation

The same quantitative ecological model developed to forecast the without-project future in the
second planning step can be used to forecast alternative with-project futures. In general, the formulation
of alternative restoration plans begins with the planning objectives establisbtegith of theglanning
process, Speciff’roblems and Opportunities. The objectives of restoration projectypacally
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combinations of (restored) ecosystem outputs. While there may be some preconceived concept of what
outputs will meet the restoration objectives, a range of ecosystem outpsisally considered in
restoration planning to ensure that the most desirable restoration level is selected. Using the quantitative
ecological model developed in Step 2, alternative quantities, qualities, and combinagoasysfem

inputs that could achieve the alternative output levels can be identified. The alternative inputs will be based
on key ecologicaparameters identified in Step ZEngineering feasibilitystudies can then specify
alternative engineeringnd/or other measures that can establish and maintain the ecosystem inputs to
produce the desired restoration effects. Therefore, through the engineering analysis, the costs of alternative
plans are determined. Multiple iterations through this sequence of activities will result in the formulation

of alternative restoration plans.

The challenge of formulation activities for restoration projects is that there is often no clear NED
plan, since most or all of the benefits are nonmonetary. In response to this nonmonetary orientation, EC
1105-2-210 specifies that nonmonetary outputs should be used as the measure of restoration projects:

"Therefore, consistent with thenalyticalframework established by th&&G, plans to
address ecosystem restoration should be formulated, and measures for restoring ecological
resources may be recommended, based on their monetary and nonmonetary benefits. These
measures do not need to exhibit net NED monetary benefits and should be viewed on the basis of
nonmonetary outputs compatible with &G selection criteria and be offered for consideration
and budget support.”

EEIRP Planning Support: Restoration Plan Formulation

The EEIRP supports restoration plan formulatibhe determination of appropriate combinations
of ecosystem inputs and the development of effective environmental engineering measures are two areas
of EEIRP support. The EEIRP alkelps planners recognize aretluce the considerable uncertainty
associated with the formulation of restoration plans. As discus$ettaduction to Risk and Uncertainty
planners can reduce the uncertainty in plan formulation by reducing the uncertainty associated with their
planning objectives and by providing laad a range ddlternatives as possible. In the forthcoming
Procedures Manual: Ris&nd Uncertainty detailed approaches for reducing risk and uncertainty in the
formulation of alternative plangill be presented. The differemtays in whichthe EEIRP supports
restoration plan formulation are described below.

Combinations of Ecosystem Inputs

The development of the quantitative ecosystem model used to forecast the with- and without-
project conditions has been previously outlined. As described in those discussions, the EEIRP supports
model development activities with the repdResstoration AnalysiandRestoration Parameters.
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The details ofdeterminingkey ecological parameters and ecosystem inputs and outputs are
discussed ifRestoration ParametersAs outlined in that document, for any given restoration project, there
may be different combinations of ecosystem inputs that could achieve the restoration objectives. It may
be that a single critical ecosystem input is required in greater quantity or quality, or it may be necessary to
modify multiple ecosystem parameters. The alternative input combinations that produce the desired results
may be differentiated on the basis of the quantities, qualities, or mix of inputs. The inputs may be water
regimes of certain quality or quantity, critical nutrients, or material/energy flows. Using sensitivity analyses
in the quantitative ecosystem model can assess how the ecosystem might respond to different combinations
of inputs. During plafiormulation, a range of outputs dsgically considered tadentify the optimal
restoration level. Those combinations of inputs that are found to be feasible from an ecological perspective
are carried forward to the environmental engineering analysis.

Restoration Engineering

The role of environmental engineering in restoration projects is to produce or deliver the ecosystem
inputs that could meet the restoration goals. Engineering feasibility studies seek to identify those measures
that canproduce the alternative combinations of ecosystem inputs under consideration. The EEIRP has
been supporting engineering feasibility analyses for restoration projects with a variety of technical reports
that will culminate in an engineeringocedures manual for these projects. The EEIRP's support of
environmental engineering is outlined below.

One of the first tasks of the environmental engineering effort of the EEIRP wasdact a
review of Corps and non-Corps environmental restoration programs. TheNepe@orps Restoration
profiles the restoration experience of other Federal and non-Federal agencies. This profile focuses on the
engineering measures utilized to meet the site-specific restoration objectives and the lessons learned from
field trials of restoration techniques.

The EEIRP's environmental engineering research is drawing upps @nd non-Corps restoration
experience in its development of new restoration techniques. @oiips RestoratiomndNon-Corps
Restoratiorreports, as well as Monitoring Guidancethis experience is compiled and evaluated. Given
the diversity of perspectives on restoration taoisl experience and the large numbealtérnative
environmental engineering measures, the management of engineering information assumes a very important
role in the Formulation of Alternatives planning step. Trtfiermation Treeeport has begun the process
of organizing restoration experience for application to new restoration projects. Thdegioration
Parametergprovides additional information on environmental restoration projects of the Corps and other
agencies using a series of case studies.

As explored irRestoration Parametergestoration project failures can be as valuable as successes,
and descriptions of project experience in this evolving science must include setbacks as well as advances.
In that document, descriptions of alternative restoration measures are presented, including objectives met.
In addition, the EEIRP is enhancing the translation of restoration experience into prescriptions for
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restoration action by preparimgonitoring Guidance The success of restoration engineering measures

can be only judged through long-term monitoring of restoration projects. Few engineering measures for
restoration projects are established practices, and the responses of complex ecosystems to restoration
measures are often uncertain.

The capstone product of tHeEIRP's environmental engineering research isEthgineering
Procedures Manual Thisdocument summarizes the roleasfgineering within thé&G process and
provides guidance for engineerirgalyses. Thelocumentidentifies linkagesbetween ecosystem
structure, function, objectives, management approaches, and specific engineering techniques and features.
Monitoring, maintenance, and cost information are also provided.

In theLinkagesreport, the connections betweemvironmental outputs and human services are
traced. The linkage tables contained in this report could be uskshty restoration activities that would
achieve desired project outputs with direct inference to specific engineering measures.

Restoration Alternatives

There are three primary approaches to environmental plan formuldt)airaw uporplans of
others, (2) seek the advice of experts, and (3) assemble all possible combinations of management measures.
The first approachutilizes the plans of others as a foundation for plan formulation. This might include
plans developed by local project partners, other stakeholders, state agencies, or other Federal agencies.
The second approach taps the professional judgement and informed petsdral of "experts” in
appropriate disciplines. This process of consulting experts in the development of alternative plans has been
common in Corps water resources planning. Examples of technical experts may include in-house Corps
personnel, consultants (e.g., firms and academics), or experts in other agencies (Federal, state, or local),
and interest groups. The third approaghich assembleall combinations omanagement measures,
begins with a list of individual measures and formulates plans by deriving every possible combination of
those measures. The resulting set of combinations is the entire set of alternative plans that can be generated
from the measures under consideration. The individual measures might be identified by either of the two
previously described approaches to plan formulation.

In the reporiCase Studieghe importance of stakeholder input to the formulation of alternative
plans is a recurrent theme. The value of the experience of stakehwittethe project cannot be
understated. As described above, some stakeholdersineady developed detailed restoration plans
before they approach the Corps for assistance. These can serve as a foundation for Corps project planning.
The potential contributions of stakeholders to the plan formulation process are described in more detail in
the Stakeholderseport. This latterdocument reiterates thpolitical realitythat stakeholder support of
alternative plans is an important measure of their political and institutional feasibility.

As explored in th@rade-Off Analysiseport, group processes can be used to generate ideas or
to make decisions. The formulation of alternative plans is perhaps the best exaroplieirgg
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stakeholders potential to generate ideas about alternative means to achieve the restoration objectives. The
Group Processeport identifies multiple meeting designs that can be used for this purpose.

The procedures for cost effectiveness and incremental cost analyses are pres@ntedenm
Procedures Manual, Cost Effectiveness and Incremental Cost AndBsEso-Easy Softwayand (3)
Cost Effectiveness and Incremental Cost Analyses TrafRR@QSPECT module, Executive Workshop,
and Practitioner's Workshop). These procedures are supplemented with a plan formulation process that
formulates the possible combinations of a given set of solutions (managesesures or alternative
plans). The formulation procedure precedes the amaiysesand begins with #st of solutions and
estimates of the environmental output and dollar cost of each solution (and each scale or size of a solution,
as applicable). The procedure then elicits information about the combinability and dependencies among
the solutions. Finally, the procedure developsvery combination of the solutions, screening out
combinations that do not meet the defined combinability and dependency conditions.

TheLinkagesreport can be used to forecast human services/goods that the alternative restoration
plans would produce. The with-project ecosystem outputs can be input to the linkages tables to forecast
human services/goods associated with alternative plans.

Results of This Step

For restoration projects, the third planning step, Formulation of Plans, identifies alternative means
to achieve the restoration goals. These plans result in alternative with-project futures. Once an appropriate
range of alternative plans has been formulatesl can be carried forward to the netanningstep,
Evaluation of Effects.

STEP 4: EVALUATION OF EFFECTS

The fourth step in the six-step planning process dP&te is Evaluation of Effects. The objective
of this step is to identify, measure, and weigh how project resources are likely to be affected by alternative
restoration plans. Alternative plans formulated in the preceding step should be complete, effective,
efficient, and feasible. The feasibilityedich alternative is elmted from the institutional, political, social,
technical, financial, economicand environmental perspectives. The plans mustsigsificantly
distinguished to provide decisionmakers an appropriate range of alternatives to consider. In this step, these
criteria are used tbegin the process of screening alternativesebantually results in ,ecommended
plan.

The Evaluation of Effects planning step includes two primary activities: assessment and appraisal.
Assessment activities objectively identify (1) the differences between the with- and without-project futures,
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(2) the effectiveness of meeting objectives, and (3) other project effects. Appraisal is a more subjective
process of weighing the effects identified by assigning their social values.

For restoration planning, both assessment and appraisal of effects are problematic. The challenges
for this planningstep include thdifficulties of assessingnd forecasting project effects and comparing
those effects with those of the without-project future. There are many difficulties in determining how the
ecosystem wilrespond to different input#cluding those consistent with the without-projadure.

There are questions of nohly whether the plans under consideratioii achieve the restoration
objectives but also what other effects, ecological and otherwise, those plans might have.

Restoration Effects

For traditional water resources development projects, the evaluation of effects includes assessment
and appraisal of the costs, benefits, and other effects of alternative plans. For restoration projects, the costs
can be evaluated ithis planningstep by combining the results of the engineeanglysedrom the
precedingstep with economi@nalyses of theconstruction and operation and maintenance costs.
Estimating the benefits and other effects of restoration plans can be much more difficult.

Evaluating the ecological effects of restoration projects is probably the most critical challenge of
environmental planning. One componentto$ problem is that the differences in ecosystamputs
between the with- and without-project conditions are very difficult to estimate with accuracy. This places
ecosystem models in a planning role that they have difficulty in fulfilling, given the current refinement of
these models and the complexity of ecosystems. Nevertheless, as described in the discussion of Step 2,
there areavailable methodologies and models, such as HEP, that caselleo assess tleeosystem
effects of restoration alternatives. Both the with- and without-project scenarios have substantial
uncertainty in their forecasts. It can be very challenging to quantify the differences between the scenarios
and isolate the effects of alternative plans.

A second component dhis problem is thedifficulty in appraising ecosystem effecfse.,
translating ecosystem outputgo monetary units). Ecosysteoutputsclearly are valued bysociety.
However, the monetary valuation of those valuegery difficult. An ecosystencan providesocially-
valued services, but the wiliness of society to p&yr these services, often public goods, is unclear. The
result is that even if the changes in ecosystem outputs can be determined, the estimation of the benefits in
monetary terms may for practical purposes be impossible at this time.
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EEIRP Planning Support: Evaluation of Restoration Effects

The practical response of the Corps to the difficulty of evaluating effects of restoration alternatives
has been to accept that project benefits are often impossible to fully monetize and to promote the use of
cost effectiveness and incremental cost analyses. As described below, the focus of the EEIRP's research
regarding this planning step includes these analyses, the monetary evaluation of restoration benefits, and
the comparison of the with- and without-project conditions.

Evaluation of Restoration Benefits

The EEIRP has endeavored to better explain linkages between environmental outputs and socially
valued services so that available toolsrteasure restoration benefits in monetary terms can be used
effectively. The first EEIRPproduct associatedith this effort was th&/aluation Revieweport. This
document provides an overview of the valuation dilemma raised by the loss of the NED decision rule. It
presents a detailed discussion of the challenges associated with monetizing environmental resources from
the disciplinaryperspectives of economics, engineering, squsgthology,and ecology. It includes a
compilation of monetary and nonmonetary valuation techniques in other Federal agencies and an analysis
of the Corpgnstitutional setting for adoption @xisting methodologiesThe concepts angkality of
valuation are further described in tBakeholderseport, with actual projects used to illustrate selected
points.

One of the weaknesses of existing techniques to placgangralues on environmental resources
lies inthe complex connections between environmental outputsecidlly valued services. In the
Linkagesreport, these connections are strengthened with ecosystem-specific matrices that align ecosystem
outputs and socially valued services. As described in Steps 2 and 3,
the linkage tables in thigport can be used tdentify servicesassociated with the with- and without-
project futures, respectively. this fourth planningstep, these services candmmpared t@nticipate
incremental increases in human services (i.e., benefits) associated with alternative plans. The forthcoming
Monetary Valuatiorreport will be a manual to link those outputs that can be associated with measurable
(monetary) human service benefits with existing tools.

TheValuation Procedures Manualill discuss alternative medds of collecting value information
tied to ecological outputsesulting from each alternative consider&tiis report will examine the
importance of human values to environmental decision making and provide support in determining these
values. First, the use of thankagesreport to determine the human goods and services which result from
a project is discussed. Second, the use of monetary and nonmonetary valuation techniques to elicit value
information about these human goods and services is presented.
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Trade-Off Analyses

The Trade-Off Analysigeport summarizes techniques for use in evaluatioaltefnatives.
Multiobjective Analysis (MOA) techniques describe the impact of project alternatives on objectives of the
project and show how alternatives differ with respect to differesturces and benefits affected by a
project. Additionally,some of the summaries in tli&ase Studieseport encounteredifficulty in
evaluation and prioritization of projects or alternatives when there was a mix of subjective and quantitative
information. MOA techniques can be used to incorporate both types of information in an evaluation.

Uncertainty in Evaluation of Restoration Effects

Evaluations of effects associated with alternative restoration plans have uncertainty that derives
from the inability to foecast planféects with perfect foresight. How well will the project perform? How
good are ouestimates of project outputs? Itriroduction to Risk and Uncertaintg simple example is
presented illustrating how risk-based analysis can be used to address some of the uncertainty inherent in
the estimation of habitat outputs for alternative plans. IiPtbeedures Manual: Risk and Uncertainty
a more thorough discussion of the advantages and disadvantages of various risk-based methods to estimate
with- and without-project outputs is presented.

Cultural Resource Impacts

The evaluation of effects for significant cultural resources is determined by identifying the impacts
resulting from the alternative plans. Use of GIS and predictive models can assist in describing the extent
of effects on cultural resources. Development of a regional model as describdtunal Resource
Significance: Regional Modelgill allow quantitative assessment of these impacts.

Results of This Step

The Evaluation of Effects planning activities produce assessments of the differences between the
with- and without-project conditions for restoration projects. The anticipated effects of alternative plans
are then carried forward to the comparison process in the next step.
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STEP 5: COMPARISON OF PLANS

In the fifth planningstep, Comparison of Plans, the differences between alternative plans are
examined and weighed. These activiaes based on the positive amebative effects identified in the
precedingtp. Both quantitative and qualitative plan comparisons are frequently necessary. The points
of reference for the comparisons are the planning objectives established in the initial planning step. The
comparisons of alternatives must be explicit and objective. The underlying goal of the comparison of plans
is to provide information for the plan selection process in Step 6.

Again, environmental projects challenge traditional planning methodologies. These challenges
derive from the predominance of nonmonetary benefits that characterize many restoration projects and the
high level ofdependence of restoration projects on new or evolving ecosystem models. In many cases,
cost effectiveness evaluation methodologies the most appropriate means of compaailtgynative
restoration plans.

Comparison of Restoration Alternatives

Figure 4 shows some of the tools of economic analysis that can be used to provide varying levels
of information to support decision making. This decision support continuum ranges from cost-oblivious
decision making (ignore all information about costs) to benefit-cost analysis (a mathematical comparison
of benefitsand costs). Between these two extremes, the economic tools of cost effectiveness and
incremental cost analyses can provide information to support decision making.

Benefit-cost analysis is generally considered the "best-case scenario” for Federal water resources
plan evaluation. In benefit-cost analysis, the monetary cost of a plan is subtracted from the monetary value
of the benefits to be provided by that plan to compute net benefits. When there is a range of alternative
plans, the plan that provides the most net benefitgisally the recommended plariWhen project
benefits are not measured in dollars, @&ctiveness and incremental casalyse®ffer "next-best"
approaches for plan evaluation. While the cost effectiveness and incremental cost analyses of alternative
plans may not identify a unique or "optimal" solution, they can lead to better-informed choices from among
alternatives by elevating the decision making process above cost-oblivious decision making. The tools of
cost effectiveness and incremental cost analyses weigh the costs of restoration and mitigation plans with
the nonmonetary measures of output. Such evaluation is at the hibaraotlyses and is the basis for
their application in environmental planning.

The restoration guidance E€105-2-210recognizes thatmany restoration projects are
characterized by a predominance of nonmonetary benefits. It exempts restoration planning from the net
NED benefits and should be viewed on the basis of nonmonetary outputs compatible with the
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DECISION-SUPPORT CONTINUUM

P&G selection criteria, and be offered for consideration and budget support.” In the absence of monetary
measures of restoration benefits, the comparison of alternative plans can be most effectively accomplished
using cost effectiveness analysis.

EEIRP Planning Support: Restoration Plan Comparison

The EEIRP has endeavored to develop standardized methodologies for the comparison of
alternative restoration plans. The principal avenues through which the EEIRP supports the comparison of
plans are the development of an incremental cost curve and trade-off analysis.

Cost Effectiveness Analysis

As highlighted in the Chapter Il, environmental projects diffem traditional water resources
development projects in that their benefits often cannot be measured in monetary terms. This has given
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impetus to the development of environmental decision-making techniques that can evaluate and compare
the efficiency and effectiveness of alternative restoration plans without a traditional benefit-cost analysis.

EC 1105-2-210 requires that restoration proposals include cost effectiveness and incremental cost
analyses. Cost effectiveness analysis is conducted to ensure that the least-cost alternative is identified for
various levels of ecosysteautput. The subsequent incremental @silysis iSntended to evaluate
changes in costs for increasing levels of ecosystem output. Cost effectiveness and incremental cost analyses
are associated with Steps 3, 5, and 6 ofpgla@ningprocess. Thesanalysesare described in the
Procedures Manual: Cost Effectiveness and Incremental Cost AnalydeéseEco-EasySoftware

Cost effectiveness and incremental cost analyses are means to compare the environmental outputs
and economic costs of alternative plans. In planning for environmental restoration and mitigation, classic
benefit-cost analysis is often difficult, if not impossible, because, although costs of environmental projects
can still be measured in dollars, there isuntversally accepted method to express environmental benefits
in a single metric — dollars or otherwise. Therefore, while it is not possible to use traditional benefit-cost
analysis for environmental planning, other tools, such as cost effectiveness and incremental cost analyses,
can be used. Many of these ideas are also discussedMaltiaion Revieweport.

Cost effectiveness analysis is designed to identify the least cost solution for each possible level of
environmental benefits. Subsequent incremental analysis reveals changes in cost for increasing levels of
benefits. Together, thesanalysegrovide a more informeasis for judging the value of potential
restoration and mitigation projects. The step-by-step procedure for conducting these analyses is described
in theProcedures Manual: Cost Effectiveness and Incremental Cost Analydesn be conducted by
pencil and paper or, in more complicated situations, by usingabe=asySoftware

Significant costs associated with restoration projects can include land acquisition, materials,
construction, monitoring, and maintenance. BEmgineering Procedures Manuglesents summary
information on the costs associated with materials, construction, and maintenanceufober of
restoration strategies. Costs associated with monitoring efforts are presentedonitoeing Guidance
report. TheEngineering Procedures Manualso discusses the potential effectiveness of various
restoration techniques.

As cost effectiveness and incremental cost analyses determine the additional cost of each successive
level of ecological output, théaluation Procedures Manualill help the planner determine the additional
benefit of each suessive level of ecological output. In Step four, value information, both monetary and
nonmonetary, was collected for ecological outpatailting from each alternative considered. In this
planning step, Comparison of Alternatives, this value information is presented to decisionmakers to help
them determine if each additional unitaftput is worth thedditional cost determinealithin the cost
effectiveness and incremental castilyses. Teupportthis process, th&aluation Procedures Manual
will discuss the use of monetary valuation as a meaakcibvalue information as well agduce the
number of output measures which need to be considered. Also, this manual will provide techniques for
incorporating nonmonetary value information into the decision making proces$/altta¢ion Procedures
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Manual therefore, will complement and support the process described in @uest
Effectiveness/Incremental Cost Analysis Manual

Trade-Off Analyses

As explored in the€€Case Studieseport, restoration projects often haweltiple objectives and
multiple stakeholders. The restoration planrpngcess must balance these competing interests. In the
Trade-Off Analysigeport,alternative techniques to trade off competing interests are assessed. They
include quantitative approaches such as multiobjective analysis, conflict analysis (a subset of game theory),
and small group processes.

As suggested by previous discussions of small group processes for stakeholder involvement, there
are opportunities for trade-off analysis throughout the planning process. In the Comparison of Plans step
there are opportunities to utilize the trade-off techniques of multiobjective planning and conflict analysis.
Multiobjective analysi§MOA) consists of damily of techniques to optimize operation of a system to
accomplish multiple goals. The classic example of MOA trade-off techniques is the optimization of the
operations of multipurpose reservow#hin a given river basin.MOA would be appropriate for the
comparison of alternative restoration plans that have multiple objectives, such as a wetland restoration
project that has flood control benefits, recreation, and restoration objectives. Coralysis is game
theory applied to planning situations. A quantitative modeling of conflict between multiple parties can be
developed using a game-theoretic structure. The model is based upon each party having a limited number
of options available tpursuetheir interests. Conflicnalysiscan be used tmlentify solutionghat are
satisfactory to all parties — solutions that may be hidden by misunderstandings between parties or because
values or options were concealed.

It has been noted throughatis report that there argignificant qualitative issues that affect
environmental planning. TH&roup Processeport provides tools for the comparison of alternative plans.
The information generated through these activities can also be used to support the plan selection process
in Step 6.

Uncertainty Issues in Plan Comparison

A comparison requires some criteria upon whichlitog based. If the criteria are uncertain (e.g.,
due to the relative weights different stakeholders give to diffevatjputs) or are not known to
decisionmakers, there is a potential for considerable misunderstanding and error in the decision process.
Again, the Introduction to Risk and Uncertaintgovers these sources of uncertainty.sy&tematic
approach for addressing these uncertainties will be presefeatedures Manual: Risk and Uncertainty
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Decision Support System

The ability to comparenultiple alternatives and tdentify differencedetween plansiill be
improved through use of the Integrated Bio-EconoRtanning SysteniBEPS). IBEPS incorporates
restoration engineering and management measures with HEP evaluations of the management designs. Cost
effectiveness evaluations, incorporatiBgo-EasySoftware utilizes the HEP analyses to generate
incremental cost evaluations of the restoration designs, as descriB&Pi& Developmer@ndIBEPS
Implementation ThelBEPS Softwarenables the planner to incorporate habitat, engineering measures,
and cost effectiveness information in a singgeabase.This capability allowsand supportSwhat if"
scenarios, readily enabling the reformulation of alternativeseéohow HEP and cost effectiveness
measurements change in response to changes in the engineering and mamagaswat used in an
alternative.

Results of This Step

The Comparison of Plans step identifies and weighs the differences between alternative restoration
plans. In the application of cost effectiveness analysis to restoration projects, the Comparison of Plans step
develops the incremental cost curve for a range of restoration alternafiissincrementaturve is
carried forward to the final planning step, Plan Selection.

STEP 6: PLAN SELECTION

The final step in th®&G six-step planning process is Plan Selection. In this step, a recommended
plan is selected from among feasible alternativesthBypoint in the planningrocessall nonfeasible
alternatives should have been eliminated. The selectionreéa@mmended plan is basagon the
comparisons of quantitative and qualitative information generated by the previous planning activities.

The comparisons of plans in the preceding step do not automatically lead to an obvious decision
about arecommended restoration plan. Tém@alyst's role is tgrovide information and advice on a
recommended plan. The results of gi@nningprocess argypically presented to other parties who
collectively generate a recommendation. These other parties include Kighes authorities, other
Federal agencies, non-Federal project partners, project stakeholders, and the general public.

The selection of a recommended plan for restoration projects can be much more challenging than
for traditionalwater resources development projects. The absence of an NED alternative makes plan
selection mucHess certain. The predominance of nonmonetary benefits encouragese thé cost
effectiveness analysis, which typically do not identify an optimum project configuration as in the case of
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cost-benefit analysisFinally, project stakeholders often have predetermined concepts of project scale,
scope, and design, making it difficult to develop a consensus around a given restoration alternative.

The issue of uncertainty arises in this step of the planning process as well. All of the sources of risk
and uncertainty encountered in the stbdgomecumulatively andhopelessly hiddefrom theview of
decisionmakers unless there has been a systematic attempt to address risk and uncertainty throughout the
planning process. Potential methods of addressing these concerns are pravitedustion to Risk and
Uncertainty while theProcedures Manual: Risknd Uncertaintycontains a systematic outline for
incorporating risk-based analysis throughout the planning process.

Restoration Plan Selection

As discussed previously, the restoration guidance EC 1105-2-210 recognizes the predominance
of nonmonetary benefits amdentifiescost effectiveness and incremental cost analyses as tools that can
be used to support investment decisions for restoration projects. The inability of cost effectiveness analysis
to identify anoptimum project from among the alternatives places additional importanGorus
coordination with local project partners, other stakeholders, and the general public.

There are also internal challenges in the plan selection process within the Corps. Internal reviews
of Corps planning proposals traditionally begin with the NED plan, and departure from this plan requires
compelling reasons. The absence of a defined starting point for the internal review up through the Corps
hierarchy caninhibit a consensus regarding tlmemparison of alternative plans and tBerps
recommendation of a restoration alternative.

EEIRP Planning Support: Restoration Plan Selection

The process of selecting a recommended restoration plan is the culmination of the planning process
as well as the ultimate focus of the EEIRP. In general, all of the EEIRP products that support the various
planning steps have been oriented towgifetiently and effectively selecting aecommendedglan.
However, the EEIRP products thexplicitly supportplan selection activitiesire those regarding
incremental analysis, decision support systems, stakeholder participation, and Corps internal coordination.

Cost Effectiveness and Incremental Cost Analyses

The Procedures Manual: Cost Effectivenemsd IncrementalCost Analysesand Eco-Easy
Softwarecontain guidelines that can help in interpreting the analyses' results for plan selection. In place
of the traditional plan selection rule — to select the "NED plan" — making selection deeisiong
environmental alternatives is guided by the question "Is it worth it?" The results of cost effectiveness and
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incremental cosanalyses - displayed @saphs of outputagainst costs — permit decisionmakers to
progressively compare increasing levels of environmental outputs and ask if each successive level is "worth
it" - that is, is the additional environmental output in the next level worth its additional monetary cost? The
proceduresuggests several decision-making guidelines eyt be helpful, includingutput targets,
minimum and maximum output thresholds, maximum cost thresholds, breakpoints, data uncertainty, and
unintended effects. Although neither cost effectiveness nor incremental cost analysis will usually result in
the identification of a singléest alternativethey will result in more informedlecision making for
environmental restoration and mitigation.

Stakeholder Patrticipation in Plan Selection

The selection of the recommended plan is a joint decision between the Corps and the local project
partners, often with substantial inpiubm project stakeholders and the general publi¢hile this is
generallytrue for traditional water resources development projects, the absence of a unique, optimal
restoration plan, such as the NED alternative, can igodicantly greater emphasis on stakeholder
coordination in restoration planning. The EEIRP has devoted considerable attention to stakeholder input
to the planning process through small group processes.

Decision making with small groups is discussed in multiple EEIRP products. As explored in the
Stakeholderseport, small group techniques that are used for decision making are particularly relevant for
plan selection. In th@aluation Revieweport, the absence of monetégnefits led to recognition that
close coordination with project stakeholdersegded to select a restoration plan and shetllgroup
techniques can lead to agreement on plan selection. Bo@Grthg ProcesandTrade-Off Analysis
reports describe alternatiggoup techniques that can be used to make decisions. Depending on the
makeup of the group and the issues involved, there are many small group techniques that can aid decision
making.

Decision Support System

In support of documenting the plan selection proces$BERS Softwar@roduces GIS maps and
analyses as well as tables and other summary data showing the HEP and cost effectiveness information for
the alternatives under consideratiofBEPS Implementatioprovides an example of the evaluative
information that can be produced by the system.
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Internal Coordination With Higher Authority

The evolvingnature of the Corps restoration mission and the absence of monetary benefits add
significant subjectivity in the plan selectigmocess. As discussed in t@ase Studieseport, this
subjectivity has resulted in different perspectives within and between the different hierarchical elements
of the Corps. Districts may select one plan for recommendation; Divisions and Headquarters might select
others. This internal uncertainty can craagfficiency and ineffectiveness nonly onthe part of the
planning team, which may be unsure of the requirements of higher authorities, but for the organization as
a whole with respect to communication within the hierarchy.

Results of This Step

Assuming that the No-Action alternative is rejected, the plan selection pmitlesssult in a
recommendation to Corps higher authority and/or Congress for authorization to implement the plan. The
planning process miglstill be far from complete. The process is iterative. Depending otypleeof
project authoritytheremay yet bemultiple iterations through the sequencesifsteps of thdP&G
planning process.

PORTFOLIO-SCALE RESOURCE ALLOCATION

From the beginning of the EEIRP, the objectives of the program have been to address the site and
portfolio questions introduced at the beginning of this report. Regarding the site question, the program has
endeavored to retafiexibility in planning to creativel\select the "best" restoration plan in terms of the
environmental objectives and constraints. Regarding the portfolio question, the EEIRP has promoted the
use of consistent and effective methodologiesafio€orps restoratioplanning inorder toefficiently
allocate resources nationwide.

Many of the site and portfolio considerations for restoration planning are longstanding issues for
traditional water resourceplanning. For water resources development and restoration projects, an
appropriate balance of these considerations would be most desirable. Specifically, the goal would be to
retain creativityandflexibility at the site level wittsome measure @onsistency supporting portfolio
decisionmaking without excessive losses in planning efficiency and effectiveness.

For restoration projects, these common decisionmaking factors are compounded by the difficulty
in evaluating their nonmonetary benefits. One of the resonant themes r@pihis has been how the
absence of a common metric for evaluating the benefits of alternative plans complicates the selection of
the "best" plan. This challenge is magnified at the portfolio scale of analysis, when comparisons between
projects with completely different nonmonetary benefits must be made.

lll. EEIRP SUPPORT FOR RESTORATION PLANNING 49



EVALUATION OF ENVIRONMENTAL INVESTMENTS INTERIM OVERVIEW REPORT

The portfolio challenges of restoration projects are not insurmountable. Several products of the
EEIRP are particularly pertinent to portfolio decisionmaking. First, the significance of the resources of the
alternative sites, encompassing institutional, technical, puiid,cultural resources, must be clearly
identified for portfolio analysis. The reportsSignificance: Resource Documeand Significance:
Protocolscan be used to determine tbgel of Federal interestndwill guide the project's priority of
Federal action. Second, the cost effectiveness and incremental cost analyses products can be used to apply
the "Is it worth it?" question to alternative plans and aid in portfolio decisionmaking. Thitdnkiages
report can be used tdentify and comparsociallyvalued goods and services (i.e., benefits) associated
with the different "best” planfom around the country Finally, portfolio decisionmaking can be
supported bycomparing the combinations of the above quantitative informattm other project
information, such as stakeholder input. Btakeholderseport may be particularly helpful in synthesizing
guantitative and qualitative information.
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V. SUMMARY

CHALLENGES OF THE CORPS RESTORATION MISSION

The evaluation framework for Corps restoration projects is the same as for traditional water
resources development projects, the six-step planning processR&@heHowever, restoration projects
pose unigue challenges to this process. As evidenced throughout this document, restoration projects have
important differences from traditional water resources development projects, most notably the nonmonetary
benefits. In response to these challenges, the Corpmadsseveral initiatives to facilitate the
interpretation of thd?&G for application to restoration projects. Thesgiatives include thedraft
restoration guidance EC 1105-2-210 and the EEIRP.

ROLE OF THE EEIRP

The EEIRP was designed to assist Corps environmental planitbr¢he site and portfolio
guestions regarding restoration projects. This program has been developing a variety of research products
that supportcritical planning activities in each of tts planningsteps. These products hawead
applicability to environmental issues in the Corps, beyond those of resto@éioning. The EEIRP
products tadate have direcignificancefor restoration planning. However, thggeductswith direct
relevance for restoration planners (rather than background research) should be disseminated to field offices.
As the research continues, the products of the different work units will continue their convergence, and
the ongoing development pfocedures manuals for thkiarious planning activities will directly support
current restoration guidance.
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ANNOTATED BIBLIOGRAPHY OF EEIRP PRODUCTS

An Introduction to Risk and Uncertainty in the Evaluation of Environmental Investments

Incorporating risk and uncertainty into environmental restoration planning studies can be a means
of improving the quality of the decision-making process. This report introduces Corps personnel involved
in the planning of environmentedstoration projects to the basics of risk and uncertaimyysis. The
taxonomy ofterms described ithis report provides the nevisk analyst with a way to thinkbout the
knowledge, model, and quantity uncertainty that is present in environmental planning. Selected tools and
broad conceptare introduced as a means of addressing these uncertainties. In addition to generic, “big
picture” sources of uncertainty related to the Corps six{dmingprocess, uncertainties specific to
environmental planning are identified. Common potential sources of uncertainty include delineation of the
study area, identification of target species, the structure of habitat suitability index models, habitat variable
measurements, calculation@fistingand future habitat units, and modeling project performascey
habitat evaluation procedures. An example introducing risk-based analysis to the estimation of habitat unit
changes is offered to demonstrate the feasibility of some of the methods presented in the report.

Compilation and Review of Completed Restoration and Mitigation Studies in Developing an Evaluation
Framework for Environmental Resources, Volumes | and Il

Corps Districtsare being faced with servicing the present environmental needshenf
constituencies. This is beimgetwith varyingdegrees of success from the perspectives of the Corps
planner and local interests. Monitoring the recent pasteatdime environmental endeavors of the Corps
reveals that, although there are management challenges in the planning arena, some successful techniques
are emerging. This two-volume set describes important environmental restoration and mitigation planning
issues currently facing Corps planners. Findings are based on ten (10) Corps field case studies, including
interviews of both Corps and non-Corps study team members, and a focus group session conducted with
Washington-level reviewers. Volume | includes a description of the research approach and findings and
recommendations for future research. Detailed summaries of the focus group session and the individual
case study interviews are in Volume II.

Development of arintegrated Bio-Economic Planning System for Corps of Engineers’ Planning
Projects: Conceptual Design

In the environmental planning realm, U.S. Army Corps of Engineers planners are frequently asked
to assist in the design of restoration projects, as well as assess potential impacts of projects/programs, and
suggest cost-effective and biologically productive compensation/mitigation solutions for impacted areas
of concern. To accomplish these tasks, planners must have direct access to the matagspatial
inputs/outputs, and costs for the potential development management measures) to aid in the selection of
cost-effective solutions during the plan formulation process of project design. The Walla Walla District
Corps of Engineers has developed a conceptual design for an Environmental CRaqiporiSystem
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(EDSS) that wouldyive planners thability to designmultiple management scenarios and assess the
biological outputs associated with each scenario in a “user-friendly” environment. The EDSS would also
allow comparisons of multiple scenariasad combinations of scenarios using a cost-effective and
incremental cost strategy. Four major components would be combined to produce the EDSS: 1) spatial
information andanalyses, 2) environmental beneifitd cost evaluations, 3) incremental cost and cost-
effective analyses, and 4) multiple management design analyses.

Environmental Valuation: The Role of Stakeholder Communication and Collaborative Planning

This report describes how understanding the perspectives of stakeholders in USACE environmental
projects can improve the identification and communication of project benefits. Valuation of project
features is a central component of the Corps decision-making framework. This report is based, in part, on
three case studies of current USACE environmental projectselisas interviews with USACE
Headquarters personnel involved in makpaiicy or reviewing environmental projects. The goal of the
interviews and meetings was to better understand project prioritiesrdoridual stakeholders and to
observe the discussion of selected issues by the stakeholders.

Evaluation of Environmental Procedures Manual Interim: Cost Effectiveness and Incremental Cost
Analyses (includes accompanying software)

The cost effectiveness procedures manual was developed to serve as a practical guide for applying
and interpreting cost effectiveness and incremental cost analyses for comparing the effects of alternative
environmental restoration and mitigation plans. It describes the data requirements for analyses, step-by-
step instructions for conducting thaalyses, examples of the application in different planning settings,
decision making using the results of analysase studies, exercises, and instruction in the use of the
program ECO-EASY: Cost Effectiveness and Incremental Cost Analyses SoftwateeECO-EASY
software was developed to perform the routine, and often time-consuming, “number crunching” required
by the analyses; freeing plannersfe@us on the identification of solutions, the estimatiorthefir
environmental and economic effects, and the communication of information to support decision making.
Both the manual and tHeCO-EASY software include a module to assisth plan formulation, where
individual management measures and their inter-relationshipgeméfied and combined into all
alternative combinations of measures. Additionally, there are guidelines that assist in interpreting and using
the results to make decisions.

Linkages Between Environmental Outputs and Human Services

This report identifies relevant socioeconomic use and nonuse values associated with environmental
projects. It also indicates the linkages between environmental output measures and necessary inputs for
socioeconomic evaluation. It answers the question: What are the possible changes in the ecosystem that
may result from USACE environmental mitigation and restoration projects, and what outputs and services
do these changes provide society? The report includes a series of tables which link USACE management
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options, ecological inputs, ecological outputs, and human services. Also, indirect effects of management
options are identified.

Monetary Measurement of Environmental Goods and Services: Framework and Summary of
Techniques for Corps Planners

Many techniques exist that are designed to express the value of environmental goods and services
in a monetary metric. Howevemost of these tools are describedvery broad terms in economic
textbooks,and invery technicalterms in economic journaléeaving agap which often makes the
techniques difficulfor potential practitioners to understand. The purpoghisteport is to provide
guidance for selecting an appropriate monetization technique for environmental project planning - one that
is both consistent with the question being addressed and the resources available to perform the study. For
six of the most common techniques, fbbowing information is provided: the theoretical bafsisthe
technique, application issues, resource requirements, and a list of selected references. The six techniques
covered in the report are: the contingent valuation method, hedonic pricing methods, travel cost methods,
income measurement, the replacement cost approach, and benefits transfer.

National Review of Non-Corps Environmental Restoration Projects

This report has compiled and compared management measures, engineering features, monitoring
techniques, and detailed costs for a representative sample of non-Corps environmental projects or
engineering projects (39) with environmental features. This report is part of the series of reports that will
be used to develop thi&ototype Information Tree for Environmental Restoration Plan Formulation
and Cost Estimatiorreport. The projects are categorizei 16 types, based on the projects’ primary
features. These types are: 1) bottomland hardwood forest restoration, 2) enhancement of fish and wildlife
habitat, 3) estuarine wetland creation, 4) estuarine wetland enhancement, 5) estuarine wetland restoration,
6) estuarine wetland restoration awmiftllife enhancement, 7) mitigation bank establishmenst@&am
enhancement, 9) stream restoration, 10) waiality remediation]11) wetland creationl2) wetland
creation and enhancement, 13) wetland enhancement, 14) wetland mitigation, 15) wetland restoration, and
16) wetland restoration and enhancement.

Prototype Information Tree for Environmental Restoration Plan Formulation and Cost Estimation

This is the first of a series of reports that investigates the possibility of developing an informational
tool for organizing and providing thgpe ofdata and informationecessary foidentifying and costing
environmental restoration measures. It describes the conceptual development of an information tree to
assist in the design of environmental restoration projects. The report focuses on three specific objectives:
1) develop a prototype information tree structure to organize data and information useful for environmental
restoration plan formulation and cost estimation; 2) describe the content of the tree brantheis and
linkages; and 3) begin the process of building the tree database, identifying additional data sources and data
deficiencies with respect to its more complete implementation. This report: 1) identifies the environmental
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variables that need to be manipulatedptomote projecgoals (i.e. target variables); Bjks target
variables withbroad management approaches that could be used to manipulate thieks Bjoad
management approachesith more specific management measures and techniquesthiir
implementation; 4) identifies th@ajor engineering features or components associated with alternative
management techniques; and 5) provides information that will help project planners estimate the costs of
management techniques. It will also identify their potential effectiveness, and any ancillary effects.

Resource Significance: A New Perspective for Environmental Project Planning

Resourcesignificance isone metric that can be used in the selection and prioritization of
environmental projects for implementation. Theport provides a brief discussion of the concept of
resourcesignificance interms of institutional, public, anstientific or technical criteria. It provides a
summary of 95 existing programs that have been developed for purposes of ranking projects, with more
detailed summaries of selected programs that assist in determining environmental significance. Included
in the review are examples of Federal, regional, state, and nonprofit programs and programs for historical
properties.

Review of Monetary and Non-Monetary Valuation of Environmental Investments

Placing value on the environment, whether through monetary-based methods or through other
valuation techniques, has been and will continue to be a widely debated topic. The conceptual foundation
and institutional setting for pursuing further study of valuaipproaches are developedhrs report.

Specific objectives are to: 1) describe services provided by environmental resoursystams, 2)

identify methods for the measurement or valuation of environmental resources; 3) review existing research
programs and products; and 4) evaluate the resource constraints on potentiafi€drggplications.
Independent expert viewsom an economist, engineer, ecologist, gsychologist pertaining to
environmental outputs and valuation techniques are included as appendices.

Trade-Off Analysis for Environmental Projects: An Annotated Bibliography

Trade-off analysis iscomposed oifmany tools for identifying optimal solutions to complex
problems. Tools must be appropriate to the specific context. In some circumstances, a single evaluation
technique may bappropriate; in others, combinatiomsy bemost effective. This study explores the
literature for analytical techniques that can support the complex decision-making process associated with
Corps environmental projects. The literature review focuses on opportunities fortrasieepff
methodologies and group processesnmironmental plan formulation and evaluation. An annotated
bibliography is included.
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Trends and Patterns in Cultural Resource Significance: An Historical Perspective and Annotated
Bibliography

This report offers a broad, analytical review of the literature concerned with the challenging subject
of evaluating cultural resource significance. The review of significance includes two main sections: (a) an
AnnotatedBibliography (consisting mostly gbeer-reviewed literature) and (b) &malysis Section
(devoted to tracing historical trends in archaeological method and theory). The literature summarized is
extensive and is noeadily accessible to the archeologiaad cultural resource management (CRM)
communities. Afteranalyzing awide range of publications, 21 major themes and/or concepts were
established to characterize the breadth of archaeological views and ideas about significance. A review of
each theme was undertaken, including a discussidra graphical presentation of trends through time.
Systematic indexing and cross-referencing of publications, authors, and significance themes have also been
carried out taassist users in locating references of special interest. The concluding section offers some
suggestions and insights into the future direction of significance evaluation with respect to the work unit
and within CRM generally. Particular emphasis is placetthempportunities for developing more holistic
management strategies, making greater use of new approaches and technologies, and using more explicit
evaluation methods.
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